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Periacetabular Osteotomy 
for the Treatment of Severe 
Acetabular Dysplasia
BY JOHN C. CLOHISY, MD, SUSAN E. BARRETT, MD, J. ERIC GORDON, MD, 
ELIANA D. DELGADO, MD, AND PERRY L. SCHOENECKER, MD
Investigation performed at St. Louis Shriners Hospital for Children and 
Barnes-Jewish Hospital at Washington University School of Medicine, St. Louis, Missouri
Background: The optimal treatment of severe acetabular dysplasia with subluxation of the femoral head or the pres-
ence of a secondary acetabulum remains controversial. The purpose of this study was to analyze the extent of surgi-
cal correction and the early clinical results obtained with the Bernese periacetabular osteotomy for the treatment of
severely dysplastic hips in adolescent and young adult patients.
Methods: Sixteen hips in thirteen patients with an average age of 17.6 years (range, 13.0 to 31.8 years) were clas-
sified as having severe acetabular dysplasia (Group IV or V according to the Severin classification). Eight hips were
classified as subluxated, and eight had a secondary acetabulum. Preoperatively, all patients had hip pain and suffi-
cient hip joint congruency on radiographs to be considered candidates for the osteotomy. All sixteen hips underwent
a Bernese periacetabular osteotomy, and six of them underwent a concomitant proximal femoral osteotomy. Postop-
eratively, the hips were assessed radiographically to evaluate correction of deformity, healing of the osteotomy site,
and progression of osteoarthritis. Clinical results and hip function were measured with the Harris hip score at an
average of 4.2 years postoperatively.
Results: Comparison of preoperative and follow-up radiographs demonstrated an average improvement of 44.6°
(from −20.5° to 24.1°) in the lateral center-edge angle of Wiberg, an average improvement of 51.0° (from −25.4° to
25.6°) in the anterior center-edge angle of Lequesne and de Seze, and an average improvement of 25.9° (from 37.3°
to 11.4°) in acetabular roof obliquity. The hip center was translated medially an average of 10 mm (range, 0 to 31
mm). All iliac osteotomy sites healed. The average Harris hip score improved from 73.4 points preoperatively to 91.3
points at the time of the latest follow-up. Eleven of the thirteen patients (fourteen of the sixteen hips) were satisfied
with the result of the surgery, and fourteen hips had a good or excellent clinical result. Major complications included
loss of acetabular fixation, which required an additional surgical procedure, in one patient and overcorrection of the
acetabulum and an associated ischial nonunion in another patient. Both patients had a good clinical result at the
time of the latest follow-up. There were no major neurovascular injuries or intra-articular fractures.
Conclusions: The periacetabular osteotomy is an effective technique for surgical correction of a severely dysplastic
acetabulum in adolescents and young adults. In this series, the early clinical results were very good at an average of
4.2 years postoperatively; the two major complications did not compromise the good clinical results.
Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.
variety of pelvic osteotomies have been proposed for
the treatment of residual hip dysplasia in adolescents
and young adults1-8. These osteotomies can be classi-
fied as either reconstructive or salvage procedures. The goals
of a reconstructive osteotomy are to reposition a congruent,
pre-arthritic acetabulum or femoral head to maximize femo-
ral head coverage with hyaline articular cartilage, decrease
high articular cartilage loading, and delay or prevent the onset
of secondary osteoarthritis9,10. Options for pelvic reconstruc-
tion include single, double, and triple innominate osteotomies
as well as periacetabular osteotomies. In contrast, salvage os-
teotomies are performed for patients with established os-
teoarthritis and/or those with an incongruent hip joint that is
less amenable to reorientation of the acetabulum. The Chiari
A
A commentary is available with the electronic versions of this article,
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osteotomy and shelf procedures are the most commonly uti-
lized salvage techniques11. The goals of salvage osteotomies of
the acetabulum are to improve femoral head coverage, albeit
with metaplastic fibrocartilage, and to provide additional
years of hip function prior to definitive arthroplasty. Despite
the availability of these reconstructive and salvage osteoto-
mies, the optimal surgical strategy for treating a severely dys-
plastic acetabulum remains controversial. Severely dysplastic
hips with subluxation of the femoral head or the presence of a
false acetabulum (Group IV or V according to the Severin
classification12,13) pose a particularly challenging problem.
The Bernese periacetabular osteotomy was initially de-
scribed by Ganz et al.2 and has subsequently been established
as an effective reconstructive osteotomy to treat acetabular
dysplasia11,14-18. We have performed the periacetabular osteot-
omy for reconstruction of symptomatic dysplastic hips in ado-
lescents and young adults19, and after our initial satisfactory
experience with this technique we extended its indications to
the treatment of dysplastic hips with severe acetabular defor-
mity. To our knowledge, the efficacy of this osteotomy for the
correction of severely dysplastic hips has not been reported.
Thus, the purpose of this study was to analyze the magnitude
of surgical correction and the early clinical results of the peri-
acetabular osteotomy for treatment of severely dysplastic hips
with subluxation or a false acetabulum.
Materials and Methods
eventy-six consecutive periacetabular osteotomies were
performed in sixty-nine patients with symptomatic acetab-
ular dysplasia between July 1994 and July 2001 by the senior
authors (J.C.C. and P.L.S.). On retrospective review of the
findings in all seventy-six hips, sixteen in thirteen patients
were classified as having Group-IV or V dysplasia according to
Severin’s system12,13; eight of the hips had subluxation and
eight, a false acetabulum. There were eleven female patients
(twelve hips) and two male patients (four hips) at the time of
surgery. The average age at the time of surgery was 17.6 years
(range, 13.0 to 31.8 years), and all patients were skeletally ma-
ture. No hip had advanced degenerative changes. Three hips
had had a previous osteotomy. One of them had been treated
with a varus proximal femoral osteotomy without complica-
tions. One had had an attempted open reduction in childhood
and a subsequent varus proximal femoral osteotomy compli-
cated by deep infection and femoral malunion. The third hip
had had a shelf procedure with abductor muscle origin re-
lease, a varus proximal femoral osteotomy, and a subsequent
valgus proximal femoral osteotomy.
On preoperative evaluation, all patients had ≥110° of
hip flexion. Congruency of the hip was determined on func-
tional flexion-abduction radiographs and/or fluoroscopic ex-
amination, as previously described20. Fluoroscopic evaluation
of the hip was performed with both the anteroposterior and
the lateral (false-profile) view. With abduction of the hip, the
anteroposterior view was used to assess congruency and the
lateral coverage that potentially could be achieved with ace-
tabular reorientation. The false-profile view of Lequesne and
de Seze21 was used to assess hip joint congruency in the sagittal
plane and the extent of anterior coverage to be achieved with
repositioning of the acetabulum. We believe that the func-
tional views and fluoroscopic examination of a patient being
considered for periacetabular osteotomy should demonstrate
reduction of the femoral head with maintenance or improve-
ment of the joint space and a concentric hip joint articulation.
Importantly, localized joint-space narrowing on the func-
tional views indicates lack of concentricity and is a contraindi-
cation to acetabular reorientation in our practice.
Surgical Technique
All sixteen hips underwent periacetabular osteotomy. Six hips
in four patients had a concomitant proximal femoral osteot-
omy to optimize the hip reconstruction. Three of those osteot-
omies were valgus-producing and three were varus-producing.
Two of the hips also had an adductor tenotomy and one had
removal of hardware at the time of the index procedure. All
acetabular procedures were performed through a modified
anterior11 or modified Smith-Petersen2 approach. The periace-
tabular osteotomy was performed as initially described by
Ganz et al.2,9. Definitive fixation was achieved with three, four,
or five 4.5-mm cortical screws. Supplemental plate fixation was
used in three hips, when the screw fixation was deemed to be
inadequate. Periacetabular cuts, acetabular fragment reduc-
tion, and screw fixation were monitored with intraoperative
fluoroscopy. Arthrotomy of the hip was not performed. The
Cell Saver (Haemonetics, Braintree, Massachusetts) was uti-
lized for intraoperative blood collection and reinfusion, and
electromyographic peripheral nerve monitoring was employed
for all patients.
Clinical and Radiographic Analysis
One senior-level orthopaedic resident and two attending sur-
geons reviewed the preoperative and follow-up radiographs of
all sixteen hips. Clinical hip function was determined preoper-
atively and at the time of the most recent follow-up with the
Harris hip score22. The patient’s overall satisfaction with the
result of the surgery was also recorded. No patient was lost to
follow-up. The average duration of clinical follow-up was fifty-
S
TABLE I Radiographic Correction
Preop. Postop. Change
Lateral center-edge angle (deg) −20.5 (range, −14 to −29) 24.1 (range, 10 to 50) 44.6 (range, 30 to 79)
Anterior center-edge angle (deg) −25.4 (range, −14 to −45) 25.6 (range, 7 to 35) 51.0 (range, 27 to 73)
Acetabular roof obliquity (deg) 37.3 (range, 23 to 48) 11.4 (range, −5 to 28) 25.9 (range, −11 to 44)
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one months (range, twenty-three to ninety-seven months).
The most recent clinical data were obtained during an office
visit for ten patients and with a telephone interview23 for six.
All patients were followed for at least two years postopera-
tively. The duration of radiographic follow-up, which con-
sisted of comparisons of preoperative, postoperative, and final
follow-up anteroposterior pelvic and false-profile radiographs,
averaged thirty-six months (range, twenty-four to sixty-nine
months). The anterior center-edge angle of Lequesne and de
Seze21, lateral center-edge angle of Wiberg24, horizontal posi-
tion of the hip joint center25, acetabular roof obliquity25,26, in-
tegrity of the Shenton line, grade of osteoarthritis, and healing
of the osteotomy site were recorded. The osteoarthritis grade
was determined with a modification of the Tönnis classifi-
cation as previously reported27,28. A normal joint space was
graded as 0; slight narrowing, as 1; moderate narrowing (<50%),
as 2; and severe narrowing (>50%), as 3. The presence of peri-
articular cysts was also noted.
Statistical Analysis
The differences between the preoperative and follow-up hip
scores and radiographic parameters were analyzed with a
paired t test. Significance was determined to be p < 0.05.
Results (see Appendix)
leven of the thirteen patients (fourteen of the sixteen hips)
were satisfied with the result of the surgery and were con-
sidered to have a good or excellent clinical result. All eight
Severin Group-IV hips and six of the eight Severin Group-V
hips had a good or excellent result, with the average Harris hip
score improving from 73.4 points (range, 37 to 91 points) pre-
operatively to 91.3 points (range, 55 to 100 points) at the time
of follow-up (p = 0.002), at a mean of 4.2 years. Of these
eleven patients (fourteen hips), eight (ten hips) had no hip
pain and three (four hips) had slight, occasional pain. Nine
patients (twelve hips) had no limp; one patient (one hip) had
a slight, occasional limp; and one patient (one hip) had a
moderate limp. Twelve patients (thirteen hips) required no
support for walking, and one patient (one hip) used a walker.
The patient with a moderate limp who used a walker had spas-
tic diplegia, which limited overall function and restricted her
ability to walk independently. Importantly, this patient had
complete resolution of the preoperative hip pain after the os-
teotomy and was therefore considered to have a good result.
Two patients (two hips, both classified as Severin Group
V with a false acetabulum) were dissatisfied with the result of
the surgery at the time of the latest follow-up. One of those
patients had had a shelf procedure with an abductor muscle
origin release, two proximal femoral osteotomies, and mild ra-
diographic signs of osteoarthritis prior to the index peri-
acetabular osteotomy. She had a decrease in symptoms at one
year postoperatively but then experienced progressive hip pain
and limitation of activity. At the time of the most recent follow-
up (at thirty-six months), she was working full time as a waitress;E
Fig. 1-A
Figs. 1-A and 1-B Case 6, a sixteen-year-old boy with severe acetabular dysplasia, as demonstrated on the anteroposterior (Fig. 1-
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she had marked hip pain and a moderate limp. Radiographs
revealed advanced osteoarthritis of the hip. The second dissat-
isfied patient had had a good clinical result at two years but
noted recurrent moderate hip pain at three years. At the time of
the most recent follow-up, this patient had a healed osteotomy
site with minimal secondary osteoarthritis.
The results of the radiographic analysis of the magnitude
of the multiplanar correction are shown in Table I. The lateral
center-edge angle improved an average 44.6° (from −20.5° to
24.1°; p < 0.0001). The anterior center-edge angle improved an
average 51.0° (from −25.4° to 25.6°; p < 0.0001). The acetabu-
lar roof obliquity improved an average 25.9° (from 37.3° to
11.4°; p < 0.0001). On the average, the hip joint center was
translated medially 10 mm (range, 0 to 31 mm). The continu-
ity of the Shenton line was restored in nine of the sixteen hips.
The osteoarthritis grade did not progress in eleven hips. Preop-
eratively, ten of these eleven hips had grade-0 osteoarthritis,
and one had grade 1. The other five hips showed radiographic
signs of progression of osteoarthritis, from grade 0 to grade 1
in three and from grade 1 to grade 3 in two. Acetabular cysts
were present in four hips preoperatively, and they persisted in
three of those hips. A new acetabular cyst developed in one hip
and was detected at the time of the last follow-up. All of the six-
teen iliac osteotomy sites healed. Two hips had an asymptom-
atic superior nonunion of the pubic ramus.
Complications
Major complications included excessive medial translation of
the acetabulum and an associated asymptomatic ischial non-
union in one patient. This patient had a good result and a
Harris hip score of 91 points at the time of follow-up, at 3.9
years. The second major complication was early loss of fixa-
tion of the acetabulum requiring repeat open reduction and
internal fixation. This patient was a twenty-three-year-old
woman who returned to smoking two packs of cigarettes per
day in the immediate postoperative period despite preopera-
tive counseling and an agreement to terminate smoking in
both the preoperative and postoperative periods. This patient
also progressed to full weight-bearing immediately after the
surgery contrary to our protocol, which dictates partial
weight-bearing for the first eight weeks. Subsequently, the os-
teotomy site healed in this patient. At the time of the latest
follow-up, 2.7 years after the second procedure, she had an
excellent clinical result with a Harris hip score of 100 points.
There were no major neurovascular problems, no intra-
articular fractures, and no evidence of osteonecrosis of the ac-
etabulum in this series.
Discussion
oint-preserving surgical management of a severely dysplastic
acetabulum in adolescents and young adults presents a major
challenge for the reconstructive hip surgeon. Initial patient
evaluation is extremely important when acetabular reorienta-
tion with a periacetabular osteotomy is being considered. The
evaluation should establish that the hip joint has sufficient con-
gruency and an adequate range of motion. Congruency of
the hip is often difficult to ascertain on routine radiographic
examination because of the relatively small acetabular articular
J
Fig. 1-C
Figs. 1-C and 1-D Twenty-three months postoperatively, the patient had an excellent clinical result.
Fig. 1-D
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surface area. In these instances, we have found functional ra-
diographs and fluoroscopic examination of the hip to be help-
ful in demonstrating improved articulation of the femoral head
and acetabulum in both the coronal and the sagittal plane.
Functional radiographs that show impingement due to a lack of
femoral head reduction, “levering out” of the femoral head due
to a lack of concentricity, or localized joint-space narrowing are
indicative of incongruity and, in our view, constitute contrain-
dications to a reorientation periacetabular osteotomy. A candi-
date for periacetabular osteotomy must have, in addition to
congruency of the joint, an adequate range of motion of the hip
that will tolerate a major reorientation of the acetabulum. In
general, at least 105° of hip flexion and 30° of abduction should
be present on physical examination. Finally, radiographic anal-
ysis must demonstrate minimal or no secondary osteoarthritis,
as moderate or advanced secondary disease may compromise
the clinical result17. Previous surgery about the hip should be
noted because residual scar tissue, osseous deformity, retained
hardware, and compromise of the abductor muscles may com-
plicate the procedure and affect the final clinical result.
Others have reported that rotational acetabular osteot-
omy is an effective surgical option for the management of a se-
verely dysplastic hip3,29. With this technique, the acetabulum is
fashioned into a hemispherical shape with an osteotomy,
starting at the external region of the joint capsule, and the ace-
tabulum is rotated en bloc anterolaterally. Ninomiya reported
the results of this osteotomy in forty-one severely dysplastic
hips (Severin group IV or V)3. Radiographic evidence of cor-
rection was excellent in most patients and, on the average, the
lateral center-edge angle improved from –21.1° preoperatively
to 25.6° postoperatively and the acetabular roof obliquity im-
proved from 39.6° to 10.9°. Clinical assessment with the modi-
fication of the Severin grading system proposed by Gibson
and Benson30 showed a good or excellent clinical result in
thirty-one (76%) of the hips at a mean of seven years postop-
eratively. Major complications included osteonecrosis of the
acetabulum that resulted in a delayed union in one patient.
Shindo et al.29 reviewed the results of rotational acetabu-
lar osteotomy in nineteen hips in seventeen patients with se-
vere dysplasia (Severin group V) followed for an average of ten
years. Eleven hips had a concomitant proximal femoral osteot-
omy. The mean lateral center-edge angle improved from −16.8°
to 28.5°, and the mean acetabular roof obliquity improved
from 43.5° to 12.8°. Fifteen hips had a very good or good clini-
cal result according to the Merle d’Aubigné hip score.
Despite the encouraging results in the above two studies,
we think that rotational acetabular osteotomy has certain disad-
vantages. We consider it to be more difficult to perform because
the hemispherical osteotomy is closer to the acetabulum and it
produces a smaller acetabular fragment that may be more sus-
ceptible to osteonecrosis. Matsui et al.25 reviewed the results of
rotational acetabular osteotomy in nineteen hips (eighteen pa-
tients) and reported a 40% prevalence of chondrolysis and col-
lapse of the transferred acetabulum. Additionally, the ability to
provide medial translation of the hip joint center is limited
with the rotational acetabular osteotomy, whereas it is con-
sistently achieved with the periacetabular osteotomy31.
When considering surgical options for reorientation of a
severely dysplastic acetabulum, the surgeon should be aware
that the Bernese periacetabular osteotomy has potential ad-
vantages9. The procedure is performed through one surgical
approach, and it includes a series of straight periacetabular os-
teotomies that maintain the integrity of the posterior column
and preserve the blood supply to the acetabular fragment. The
osteotomy fragment can be mobilized to obtain multiplanar
corrections, and the intact posterior column enables early mo-
bilization and facilitates rehabilitation. In the present study, ra-
diographic examination after this osteotomy showed excellent
improvement in lateral femoral head coverage, anterior fem-
oral head coverage, acetabular inclination, and the horizontal
position of the hip joint (Figs. 1-A through 1-D). Osteotomy
site healing was predictable, and fourteen of the sixteen hips
had a good or excellent clinical result at an average of 4.2 years
postoperatively. It is noteworthy that the two hips that failed
clinically were both in Severin Group V, with a false acetab-
ulum. This suggests that the prognosis for hips with a false
acetabulum may be less predictable than that for Severin
Group-IV subluxated hips. This finding was not unexpected
given that the articular surface of a false acetabulum is fibro-
cartilage rather than hyaline articular cartilage. Nevertheless,
given our favorable clinical experience and the positive results
reported with rotational acetabular osteotomies in Severin
Group-V hips3,29, we believe that acetabular reorientation is
feasible in selected patients with a false acetabulum. It should
be emphasized that the relatively young age of our patients
(average, 17.6 years) and our selection criteria may have fa-
vorably affected the results achieved in Severin Group-V hips.
The two major complications in our study occurred
during our “learning curve” with this osteotomy. It has been
reported that the complication rates associated with this pro-
cedure diminish over time as the surgeon becomes more
experienced14. Thus, we are confident that, even in this popu-
lation of patients with severely dysplastic hips, our complica-
tion rate will not increase as our experience is broadened.
Additionally, refinement of the osteotomy technique may op-
timize future results. For example, as our experience has in-
creased, the ability to optimize the acetabular reduction has
improved. Our surgical technique has also evolved to include
a routine arthrotomy after acetabular reorientation to assess
labral pathology and femoroacetabular impingement. We now
recognize that severely dysplastic hips may have an associated
aspherical femoral head with reduced head-neck offset, which
can result in anterior femoroacetabular impingement after ac-
etabular reorientation32. Therefore, we now assess hip flexion
and combined flexion and internal rotation at the time of the
arthrotomy. If anterior impingement is present, we establish a
head-neck offset with a resection osteoplasty32 to optimize hip
flexion and minimize the potential for clinical symptoms re-
lated to anterior femoroacetabular impingement.
In conclusion, at a mean of 4.2 years, the results of
Bernese periacetabular osteotomies performed for surgical
correction of severely dysplastic hips in adolescent and young
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adult patients were encouraging. We prefer this osteotomy be-
cause we can predictably obtain major reorientation of the ac-
etabulum in all planes, reliable osseous healing, and good
clinical results in the early follow-up period. Clearly, longer-
term follow-up of these patients is essential to define the du-
rability of the results of this osteotomy when performed in
patients with severe acetabular dysplasia.
Appendix 
A table presenting detailed information on each patient
is available with the electronic versions of this article, on
our web site at jbjs.org (go to the article citation and click on
“Supplementary Material”) and on our quarterly CD-ROM
(call our subscription department, at 781-449-9780, to order
the CD-ROM). 
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